Objective-Angiogenic expansion of the vasa vasorum is a well-known feature of progressive atherosclerosis, suggesting that antiangiogenic therapies may stabilize or regress plaques. ␣ ␤ 3 Integrin-targeted paramagnetic nanoparticles were prepared for noninvasive assessment of angiogenesis in early atherosclerosis, for site-specific delivery of antiangiogenic drug, and for quantitative follow-up of response. Methods and Results-Expression of ␣ ␤ 3 integrin by vasa vasorum was imaged at 1.5 T in cholesterol-fed rabbit aortas using integrin-targeted paramagnetic nanoparticles that incorporated fumagillin at 0 g/kg or 30 g/kg. Both formulations produced similar MRI signal enhancement (16.7%Ϯ1.1%) when integrated across all aortic slices from the renal arteries to the diaphragm. Seven days after this single treatment, integrin-targeted paramagnetic nanoparticles were readministered and showed decreased MRI enhancement among fumagillin-treated rabbits (2.9%Ϯ1.6%) but not in untreated rabbits (18.1%Ϯ2.1%). In a third group of rabbits, nontargeted fumagillin nanoparticles did not alter vascular ␣ ␤ 3 -integrin expression (12.4%Ϯ0.9%; PϾ0.05) versus the no-drug control. In a second study focused on microscopic changes, fewer microvessels in the fumagillin-treated rabbit aorta were counted compared with control rabbits. Conclusions-This study illustrates the potential of combined molecular imaging and drug delivery with targeted nanoparticles to noninvasively define atherosclerotic burden, to deliver effective targeted drug at a fraction of previous levels, and to quantify local response to treatment. (Arterioscler Thromb Vasc Biol. 2006;26:2103-2109.) 
A key feature of the atherosclerotic process is the angiogenic expansion of the vasa vasorum in the adventitia, which extends into the thickening intimal layer of the atheroma in concert with other neovessels originating from the primary arterial lumen. 1 Extensive neovascular proliferation within atherosclerotic plaques is prominent within "culprit" lesions clinically associated with unstable angina, myocardial infarction, and stroke. [2] [3] [4] Plaque angiogenesis has been suggested to promote plaque growth, intraplaque hemorrhage, 5 and lesion instability.
Magnetic resonance (MR) molecular imaging of focal angiogenesis in vivo with integrin-targeted paramagnetic contrast agents was reported with perfluorocarbon nanoparticles 6 -8 and liposomes. 9 Subsequently, we have developed MRI and postprocessing techniques to permit molecular imaging of the diffuse proliferating neovasculature associated with atherosclerotic plaque development. 10, 11 The widespread expression of ␣ ␤ 3 integrins observed by MR agreed with the diffuse nature of angiogenesis microscopically observed in the early atherosclerotic aortas of cholesterol-fed rabbits.
The importance of angiogenesis in the progression of atherosclerotic plaque combined with the antiangiogenic impact of 3-hydroxy-3-methylglutaryl (HMG)-coenzyme A (CoA) reductase inhibitors, 12 suggests that suppression of vasa vasorum expansion could stabilize or reverse disease progression. Antiangiogenic agents have been shown to decrease both neovascular proliferation and plaque development in animal models of atherosclerosis when administered chronically at high dosages. 13 However, chronic high doses of TNP-470, a water soluble form of fumagillin, is associated with significant neurocognitive adverse effects in humans. 14, 15 Targeted perfluorocarbon nanoparticles can specifically deposit lipophilic agents such as doxorubicin or paclitaxel into the cell membrane and inhibit the proliferation of vascular smooth muscle cells in vitro. 16 In the present study, the concept of combined imaging and delivery of fumagillin with ␣ ␤ 3 integrin-targeted paramagnetic nanoparticles is explored as a tool toward quantifying angiogenesis and inhibiting the proliferation of the vasa vasorum in hyperlipidemic rabbits. The objectives were: (1) noninvasive detection and spatial delineation of ␣ ␤ 3 -integrin expression as a marker of aortic plaque angiogenesis at clinically relevant field strengths; (2) local delivery of an effective, single treatment of fumagillin to inhibit plaque angiogenesis at a dosage several orders of magnitude lower than previously reported; and (3) noninvasive follow-up assessment of the effect of targeted fumagillin delivery on aortic neovascularity.
Methods

Nanoparticle Formulations
Paramagnetic perfluorocarbon nanoparticles targeted to ␣ ␤ 3 integrins were prepared analogous to previous reports. 11 In general, the emulsions comprised 20% (vol/vol) perfluorooctylbromide (PFO) (Minnesota Manufacturing and Mining), 2% (wt/vol) of a surfactant comixture, 1.7% (wt/vol) glycerin, and water for the balance. The surfactant comixture included 68 mole% lecithin (Avanti Polar Lipids Inc), 0.1 mole% peptidomimetic vitronectin antagonist (US Patent 6,322,770) [17] [18] [19] conjugated to polyethylene glycol (PEG) 2000phosphatidylethanolamine (Avanti Polar Lipids Inc), 1.8 mole% phosphatidylethanolamine (Avanti Polar Lipids Inc), and 30 mole% gadolinium diethylene-triamine-pentaacetic acid-bis-oleate (Gateway Chemical Technologies) in chloroform:methanol (3:1), which was dried to a lipid film under vacuum. Therapeutic nanoparticle formulations included 0.2 mole% fumagillin (a gift from the National Cancer Institute), which was added to the surfactant mixture at the proportionate expense of lecithin. Nontargeted nanoparticles excluded the integrin-homing ligand, which was replaced in the surfactant mixture by an equivalent increase in dipalmitoyl phosphatidylethanolamine.
The surfactant components were prepared as published elsewhere, 11, 16, 20 combined with PFOB and distilled deionized water, and emulsified (Microfluidics Inc) at 20 000 psi for 4 minutes. Particle sizes were determined at 37°C with a laser light scattering submicron particle analyzer (Malvern Instruments). The concentrations of Gd 3ϩ and nanoparticles in the emulsion were measured and the number of Gd 3ϩ -complexes per nanoparticle was calculated as described previously. 21 Bioactivity of the ␣ ␤ 3 integrin-targeted nanoparticles was confirmed using an in vitro vitronectin cell adhesion assay previously described 7 before use in animals.
Fumagillin Dissolution
Fumagillin nanoparticle emulsions (250 L) were dialyzed in 60 000 molecular weight cutoff dialysis tubing against 3.5 mL of releasing medium (0.9% NaCl, 0.2 mg/mL human serum albumin, and 0.05% sodium azide) and continuously agitated at 37°C. The releasing medium was replaced daily and analyzed for fumagillin concentration. Fumagillin was analyzed by reverse-phase high-performance liquid chromatography (HPLC) (Waters Corporation) using a Waters Novapak C 18 , 60 Å, 4-m reversed-phase column (3.9ϫ150 mm) with an isocratic 50% acetonitrile/0.05% phosphoric acid mobile phase (1 mL/min at ambient temperature).
MRI Protocol and Analysis
The experimental protocol was approved by the Animal Studies Committee of the Washington University School of Medicine. Male New Zealand White rabbits (Charles River Laboratories) were fed a 0.5% cholesterol diet (Purina Mills) for Ϸ80 days. In contradistinction to our previous study with this model, 11 the cholesterol component of the diet was reduced from 1.0% to 0.5%, which reduced the severity of atherosclerotic plaque formation in the aorta but improved the health of the animals in the study.
At the conclusion of the 80-day diet, all animals were anesthetized with 1% to 2% isoflurane and imaged by MRI using a 1.5 T clinical scanner (NT Intera CV, Philips Medical Systems) and a quadrature birdcage radiofrequency receive coil. Immediately following the MRI, rabbits were injected via the ear vein with ␣ ␤ 3 -targeted fumagillin nanoparticles (nϭ5), ␣ ␤ 3 -targeted nanoparticles without fumagillin (nϭ6), or nontargeted fumagillin nanoparticles (nϭ6) at 1.0 mL/kg. Four hours after nanoparticle injection, rabbits were reimaged to assess the magnitude and distribution of signal enhancement. Multislice, T 1 -weighted, spin-echo, fat-suppressed, blackblood images were acquired of the entire abdominal aorta from the diaphragm to 5 cm past the renal arteries (TRϭ380 ms, TEϭ11 ms, 250ϫ250 m in-plane resolution, 5-mm slice thickness; no. of signals averaged, 8). After treatment, all rabbits were converted to normal rabbit chow (Purina Mills). In the present survival study, the postinjection imaging time point was changed from 2 to 4 hours to allow adequate recovery time from pretreatment anesthesia at baseline before the 4-hour posttreatment imaging session; this change decreased procedural morbidity and improved animal survival. 11 One week later, the level of neovascular ␣ ␤ 3 -integrin expression was assessed as above in all animals using integrin-targeted paramagnetic nanoparticles (1.0 mL/kg; no drug).
MRI signal enhancement from the aortic wall was averaged over all imaged slices using a custom, semiautomated segmentation program previously described. 11 Briefly, the aortic lumen was defined in each 2D image with a seeded region-growing algorithm. The aortic wall was defined by dilation of the luminal mask followed by automated thresholding to obtain a consistent and objective region-of-interest (ROI) encompassing the entire aortic wall, which was evaluated by visual inspection. A minority of the ROIs, typically 2 to 3 slices of 20, clearly extended beyond the aortic wall and was excluded from further analysis. Image intensity was normalized relative to a fiduciary marker (test tube with 25 mol/L gadolinium diethylene-triamine-pentaacetic acid in saline) placed within the field of view. Signal enhancement in the aortic wall was measured for each individual animal using all segmented slices. The percent enhancement in the MR signal was calculated slice-by-slice in the 4-hour postinjection images relative to the average preinjection MR signal, providing an unbiased integrated measurement of contrast enhancement in the aortic wall.
Hematology and Clinical Chemistry
Blood samples were drawn from the ear vein after the 80-day high-cholesterol diet and following the last imaging session (1 week later) to assess clinical chemistries and hematology. Samples were analyzed by the Washington University Department of Comparative Medicine using routine clinical chemistry procedures.
Histology and Immunohistology
A separate cohort of cholesterol-fed rabbits was injected with ␣ ␤ 3 -targeted nanoparticles either with (nϭ4) or without (nϭ4) fumagillin and euthanized 1 week later for microscopic evaluation of the neovasculature. The abdominal aorta was divided into 5-mm segments from the diaphragm to 5 cm past the renal arteries, removed and frozen in Optimal Cutting Temperature medium. One 4-m section cut from each 5-mm segment was stained for the expression of platelet endothelial cell adhesion molecule 1 (PECAM-1) (Chemicon International Inc), using routine methods previously described. 11 Microscopic images were obtained using a Nikon E800 research microscope and digitized for quantitative histological analysis with a Nikon DXM1200 camera. The number of PECAM-positive microvessels, ie, vessels containing no more than 2 endothelial cells along the diameter, in each section was compared between fumagillin treated and untreated rabbits.
Statistics
All data were statistically analyzed using general linear models and group means for significant model effects were separated using least-significant differences (PϽ0.05, JMP, SAS Inc). All numerical results are reported as meanϮSEM.
Results
Nanoparticle Characteristics
All 3 paramagnetic nanoparticle formulations (ie, ␣ ␤ 3targeted fumagillin nanoparticles, ␣ ␤ 3 -targeted nanoparticles without fumagillin, and nontargeted fumagillin nanoparticles) had similar particle size distributions with nominal diameters ranging from 175 to 220 nm. Paramagnetic payloads (Ϸ90 000 gadolinium ions per particle) were similar to nanoparticle formulations previously reported. 8, 11, 22 Both the targeted and nontargeted fumagillin nanoparticles incorporated Ϸ87% of the theoretical drug payload (30 g fumagillin per milliliter) for a net dosage of Ϸ26 g/kg body weight. Because of its hydrophobic nature, fumagillin was well retained with less than 9% of the incorporated dosage diffusing from the nanoparticles under sink conditions during in vitro dissolution ( Figure 1 ). The majority of fumagillin release in vitro occurred during the first day (Ϸ5%) and further release was undetectable by the fourth day.
Clinical Chemistry and Hematology
Serum cholesterol levels of hyperlipidemic rabbits were 1550Ϯ160 mg/dL after 80 days of high-cholesterol diet (␣ ␤ 3 -targeted fumagillin nanoparticles: 1440Ϯ220 mg/dL; ␣ ␤ 3 -targeted control nanoparticles: 1380Ϯ230 mg/dL; nontargeted fumagillin nanoparticles: 1790Ϯ370 mg/dL) and remained elevated for all groups at the time of euthanasia, despite conversion to normal chow 7 days earlier (␣ ␤ 3targeted fumagillin nanoparticles: 1130Ϯ190 mg/dL; ␣ ␤ 3targeted control nanoparticles: 1450Ϯ220 mg/dL; nontargeted fumagillin nanoparticles: 1490Ϯ210 mg/dL). Individual cholesterol levels, before and after treatment and across all treatment groups, are 40 to 60 times higher than normal (30 mg/dL). 23 There was no correlation between individual cholesterol levels at the 2 time points and weekto-week changes in aortic signal contrast. One week after treatment, no animals exhibited changes in electrolytes, hepatic function, or hematology with respect to published normal ranges. 23
Magnetic Resonance Imaging
Confirmation of the early stage of atherosclerosis in this animal model was provided by T 1 -weighted black-blood images that showed insignificant luminal narrowing or wall thickening as compared with age-matched, nonatherosclerotic rabbits from other studies. 11 However, even at this early stage, angiogenesis in the aortic wall was observed as MR signal enhancement following injection of ␣ ␤ 3 -targeted nanoparticles, both with and without fumagillin. The distribution of contrast enhancement was patchy across all imaging slices with typically higher levels of angiogenesis noted near the diaphragm (Figure 2 , middle panels). Nontargeted nanoparticles (with fumagillin) produced less extensive MR enhancement of the neovasculature at much lower levels with a similarly heterogeneous distribution, consistent with previous reports. 11 The average MR signal enhancement per slice integrated across the entire aortic wall and along the entire imaged length was identical for ␣ ␤ 3 -targeted nanoparticles with (16.7Ϯ1.1%) and without (16.7Ϯ1.6%) fumagillin ( Figure  3 , black bars). Nontargeted nanoparticles, however, provided less signal enhancement (10.8Ϯ1.1%, PϽ0.05), representing delayed washout from the tortuous microvasculature. 12 Because the circulating half-life of nanoparticles is approximately 
Winter et al Targeted Antiangiogenic Nanoparticles
300Ϯ110 minutes, 24 MRI measurements obtained at 4 hours reflect the differential rate of nanoparticle uptake and clearance, which was consistent with previous results in hyperlipidemic rabbits and numerous cancer models. 7, 8, 11 One week after antiangiogenic nanoparticle treatment, the expression of ␣ ␤ 3 integrin was assessed as a marker of residual neovasculature within the aortic wall. Preinjection scans were collected, followed by injection of ␣ ␤ 3 -targeted paramagnetic nanoparticles (without drug) and contrast enhancement imaging was performed 4 hours postinjection as outlined above. The preinjection aortic wall signal intensities for all groups at the time of treatment and at the 1 week follow-up period were identical, confirming that the targeted paramagnetic nanoparticles administered 1 week prior were no longer detectable. However, 1 week after treatment with ␣ ␤ 3 -targeted fumagillin nanoparticles, both the spatial distribution of image contrast (Figure 2 , lower left) and the average MRI signal enhancement (2.9Ϯ1.6%; PϽ0.05; Figure 3) was markedly reduced. By comparison, MRI signal enhancement 1 week after treatment with ␣ ␤ 3 -targeted nanoparticles lacking fumagillin was undiminished (18.1Ϯ2.1%; Figure 2 , lower right, and Figure 3 ).
The trends for individual animals (Figure 3 , solid lines) exhibited a consistent signal reduction of 60% to 80% in all rabbits treated with ␣ ␤ 3 -targeted fumagillin nanoparticles. By comparison, the MRI signal increased in 4 of 6 rabbits injected with ␣ ␤ 3 -targeted nanoparticles lacking fumagillin, and either no change or a slight decrease in contrast was noted in the other 2 animals. Overall, the week-to-week fluctuations among individual untreated animals likely reflected biological and measurement variability. Treatment with nontargeted fumagillin nanoparticles did not significantly diminish (Pϭ0.26) ␣ ␤ 3 -integrin levels as determined by MR signal enhancement 1 week after treatment (12.4Ϯ0.9%).
In the 5 rabbits treated with ␣ ␤ 3 -targeted fumagillin nanoparticles, the aortic enhancement data from each rabbit was subdivided into 2 broad anatomic regions, diaphragm (top half) and infrarenal (bottom half), and the magnitude of contrast signal detected at the time of treatment was plotted against the percentage of contrast change observed 1 week posttreatment. Aortic areas displaying high MR enhancement at the time of treatment had the largest subsequent reduction in ␣ ␤ 3 -targeted MR signal 1 week later (Figure 4) , suggest-ing that combining imaging with therapy may not only confirm and quantify the local delivery of chemotherapeutics but may also provide early prognostic information relative to anticipated treatment effects.
Histology
In a separate cohort of animals, abdominal aorta sections obtained 1 week after nanoparticle treatment revealed mild, heterogeneously distributed intimal thickening consistent with very early atherosclerotic neointimal development in all rabbits. The majority of neovessels within the aortic wall were located in the adventitia opposite regions of thickening intimal plaque (Figure 5A ). Very few vessels were observed in the media or plaque in these animals. The total number of PECAM-positive microvessels per section when averaged across all aortic slices was greater (Pϭ0.08) in control rabbits receiving ␣ ␤ 3 -targeted particles without drug (65Ϯ28) than in those given ␣ ␤ 3 -targeted fumagillin nanoparticles (32Ϯ11). Histological sections from the upper half of the aorta, however, typically displayed more prominent disease and this area showed a significant difference ( Figure 5B ) between untreated and treated animals (73Ϯ28 versus 24Ϯ5, respectively, Pϭ0.05), which paralleled the overall distribution of MR signal enhancement changes observed previously. Higher magnification inset (ϫ20) shows microvessels were predominantly located in the adventitia associated with thickening neointima. Neovessels were generally not found in regions where plaque progression was minimal or nonexistent in this cohort of rabbits. Arrowheads illustrate the type of PECAM microvessels counted within each section to assess fumagillin antiangiogenic effects. Note that larger, mature vessels positively stained for PECAM were not included in these estimates. B, The number of neovascular vessels within the adventitia was reduced (*Pϭ0.05) in fumagillin-treated rabbits over the proximal half of the aorta (ie, renal artery to diaphragm), which correlated with the region of greatest MR signal and fumagillin response in the imaging studies.
Discussion
The close association of angiogenesis with atherosclerotic disease and expansion of the vasa vasorum is well recognized. 25 The pathophysiological role of plaque neovascularization includes: (1) permitting plaque growth beyond a wall thickness that limits nutrient diffusion; (2) conducting inflammatory cells and lipoproteins into lesions; and (3) contributing to plaque instability and rupture. 3, 26 We have recently reported specific noninvasive detection of molecular epitopes associated with angiogenesis with the use of ␣ ␤ 3 -targeted paramagnetic nanoparticles in hyperlipidemic New Zealand White rabbits. 11 In the present study, we extend that finding and further demonstrate that ␣ ␤ 3targeted paramagnetic nanoparticles can deliver fumagillin and elicit a marked antiangiogenic response with a minimal drug dosage. The combination of imaging and drug delivery permitted an integrated quantitative assessment of aortic neovascularity at baseline, which reflected the delivery of fumagillin nanoparticles. Reimaging with ␣ ␤ 3targeted paramagnetic nanoparticles 1 week later revealed a significant decrease in the integrated MR signal in rabbits receiving ␣ ␤ 3 nanoparticles with fumagillin versus control nanoparticles. Similarly, in a second cohort of early atherosclerotic rabbits, adventitial angiogenic expansion of the vasa vasorum measured microscopically was markedly reduced after a single dose of ␣ ␤ 3 -targeted fumagillin nanoparticles in comparison to controls. Comparing the magnitude of MR enhancement at baseline in rabbits receiving ␣ ␤ 3 -nanoparticles with fumagillin with the change in contrast detected 1 week after treatment revealed an inverse relationship, suggesting that imaging data obtained at baseline was predictive of antiangiogenic changes 1 week later. Collectively, these data suggest that integrin-targeted paramagnetic nanoparticles may be useful for obtaining quantitative intramural assessments of atherosclerotic status, as reflected by a neovascular biomarker, for delivering potent antiangiogenic compounds that could stabilize or reverse plaque progression and for noninvasively assessing the intramural effectiveness of treatment.
Fumagillin was efficiently incorporated (ie, 87%) in the nanoparticle surfactant layer and highly retained during dissolution under infinite sink conditions. We have reported that effectiveness of therapeutic nanoparticles is dependent on their close and prolonged apposition with the target membrane surface caused by ligand-receptor interactions. 16 Increased collisional interactions facilitated by ligand-directed binding promote the concomitant exchange of therapeutic agents and lipids from the encapsulating monolayer to the target cell membranes. The transfer of membrane components between lipid vesicles and cell membranes has been described and initially modeled by others. 27, 28 Ordinarily, collision-mediated lipid exchange proceeds as a slow, concentration-dependent, second-order process of little consequence for circulating lipid particle systems. However, the present data suggest that direct binding of fumagillin nanoparticles to ␣ ␤ 3 integrin decreases the activation energy barrier for the desorption of lipid molecules to the endothelial cell membrane by minimizing the equilibrium separation of surfaces and by promoting the formation of collisional or fusional lipid complexes. 29, 30 We have termed this mechanism "contact facilitated drug delivery." 16, 31 By comparison, significant antineovascular effects were not observed for control ␣ ␤ 3 integrin-targeted nanoparticles nor for nontargeted fumagillin nanoparticles.
The potential use of antiangiogenic therapy in atherosclerotic disease was first reported by Moulton et al in apoE Ϫ/Ϫ mice treated for 4 months (20 to 36 weeks) with TNP-470, a water-soluble fumagillin analogue, or endostatin (30 mg/kg every other day, 1.68 g/kg total dose). 13 Reduction in plaque angiogenesis and diminished atheroma growth were noted despite persistent elevation of total cholesterol levels. In the present study, a single administration of ␣ ␤ 3 -targeted fumagillin nanoparticles, at a total dosage approximately 50 000 times lower than the cumulative oral dose of TNP-470 reported previously, effectively diminished neovascular density in the adventitia as determined by MRI and immunohistochemistry. The dramatic reduction in dosage facilitated by targeted drug delivery could substantially minimize the dose-related adverse effects previously reported for TNP-470. 14 Neovascular expansion of the vasa vasorum in atherosclerosis is stimulated and reflective of the increased metabolic demands of the expanding atheroma and provides a conduit for inflammatory cells and lipids into the plaque. Moreover, intraplaque rupture and hemorrhage of angiogenic vessels further exacerbates the inflammatory state and increases the vulnerability of the lesions. 32 Careful microscopic study of plaque neovasculature further suggests that the highest levels were associated with ruptured lesions and lipid-rich plaques, whereas the lowest microvascular densities were associated with stable, fibrocalcific lesions. 3 Noninvasive quantification of microvascular density as a surrogate marker of atherosclerotic plaques using ␣ ␤ 3targeted paramagnetic nanoparticles integrated over small or large segments of vasculature could provide quantitative estimates of intramural disease burden and severity. In cases of rapidly advancing disease, the local delivery of potent antiangiogenic agents might acutely inhibit plaque progression and afford more opportunity for traditional therapeutic approaches, such as HMG-CoA reductase inhibitors, to provide long-term maintenance of the antineovascular effects.
Limitations
In this study, we used integrated measurements over large segments of the aortic wall to depict the overall atherosclerotic burden and the general vascular response to the antiangiogenic treatment. However, one can anticipate that developments in image acquisition and reconstruction methods, such as motion tracking, parallel imaging, and elastic registration of images, as well as the wider availability of higher field scanners (3.0 T), will likely improve overall signal-to-noise and image resolution to allow comparable measurements and serial evaluation of focal disease in all vessels, including the coronary arteries, if clinically warranted. However, further assessments of variability introduced biologically or technically will need to be delineated and addressed as this and similar technologies develop.
Although decreased angiogenesis was observed by both MRI and immunohistochemistry 7 days after fumagillin treatment, more extensive investigation of longer follow-up intervals and different drug regimens are required to elucidate the physiological consequences for plaque stabilization or regression, likely in a different animal model. The integrated use of targeted parenteral and current chronic oral therapies will need to be studied. Likely, complimentary imaging modalities, such as 3D micro-CT, may be used to further characterize the consequences of antiangiogenic interventions.
Conclusions
In this study, we used targeted paramagnetic nanoparticles to noninvasively assess ␣ ␤ 3 -integrin expression in the aortic wall of hyperlipidemic rabbits during early atherosclerosis. Fumagillin, an endothelium selective antiangiogenic compound, was incorporated into the surfactant layer of the targeted MRI agent and resulted in a marked reduction of neovasculature with a single application of a drug dosage orders of magnitude less previously reported. Microscopic assessment of neovasculature changes following ␣ ␤ 3targeted fumagillin nanoparticles revealed a significant decrease in microvasculature relative to controls, which paralleled the MRI findings. We hypothesize that ␣ ␤ 3 -targeted particles could serve as a unique nanomedicine tool for noninvasive characterization, drug delivery, and monitoring in atherosclerosis.
